Rationale Drug discrimination (DD) and drug self-administration (SA) are frequently used preclinical assays. All preclinical studies with cocaine have examined the discriminative stimulus (S D ) and reinforcing (S R ) effects in separate groups of subjects. Objective The objective of the study is to train drug-naïve rhesus macaques to discriminate self-administered cocaine from saline and to assess S D and S R effects using a withinsubjects design. Materials and methods Adult male rhesus monkeys (n=4) were trained to self-administer cocaine (0.1 mg/kg per injection) under a progressive-ratio (PR) reinforcement schedule. Next, they were trained to discriminate selfadministered cocaine (0.45 or 0.56 mg/kg) or saline under a fixed-ratio (FR) 50 schedule of food presentation. The final schedule combined DD and SA into a multiple [chained FR 50 SA (cocaine or saline), food-reinforced DD] and PR SA schedule. Results Each subject acquired SA under a PR schedule with significant differences in breakpoint between saline and cocaine evident by session 5. Self-administered cocaine was established as an S D , such that 80% of responding before delivery of the first reinforcer and 90% of all responding occurred on the injection-appropriate lever. In all monkeys, there was at least one cocaine dose that did not engender cocaine-appropriate responding during DD (i.e., <20% cocaine-appropriate responding) yet functioned as a reinforcer during PR SA, suggesting that cocaine-like S D effects are not necessary for cocaine reinforcement. Conclusions This within-subject model may provide new information related to the behavioral mechanisms of action leading to the high abuse potential of cocaine; such information may lead to novel pharmacological treatment strategies for addiction.
Introduction
Drug discrimination (DD) and drug self-administration (SA) in laboratory animals are well-established models of drug abuse used to study discriminative stimulus (S D ) and reinforcing stimulus (S R ) effects, respectively (Griffiths et al. 1980; Bigelow and Preston 1989; Johanson and Fischman 1989; Woolverton and Nader 1990; Fischman and Foltin 1991; Mello and Negus 1996; Dykstra et al. 1997; Colpaert 1999; Grant 1999; Lelas et al. 2000) . Both DD and SA have been successfully tailored for human studies with findings similar to those of nonhuman studies (Fischman 1988; Kamien et al. 1993) .
In laboratory animals, it has been suggested that the S self-administered. For example, GBR 12909, an indirectacting dopamine (DA) agonist, not only substituted for cocaine in DD experiments, but also had S R effects in SA studies (Kleven et al. 1990; Witkin et al. 1991; Terry et al. 1994; Roberts 1993) . There is an assertion that the drug actions governing S D effects are concomitant with those involved in S R effects as measured in SA (Schuster et al. 1981; Brady and Lukas 1984; Griffiths et al. 1985; Holtzman 1990 ). However, studies in human cocaine and stimulant abusers have noted discrepancies that suggest that the relationship between the production of S D and S R effects is not as concrete as first assumed (Fischman 1989; Johanson and Uhlenhuth 1980 , 1982 . For example, when human subjects were allowed to choose between damphetamine and placebo, they initially preferred the drug and reported positive subjective effects Uhlenhuth 1980, 1981) . However, subjects chose to stop taking the drug despite the fact that the subjective effects were unchanged (during forced "sampling" administration) from when the drug was initially preferred. In this example, d-amphetamine was discriminated from placebo by its positive effect on mood, yet it did not function as a reinforcer. Similar results have been obtained from a preclinical study investigating the S R and S D effects of benzodiazepines (Ator 2002) . Additionally, consideration of the individual characteristics of each subject can affect the interpretation of group data regarding any relationship between subjective (i.e., S D ) and S R effects (see Evans and Griffiths 1992; de Wit et al. 1986a, b) . Uhlenhuth et al. (1981) demonstrated that the baseline subjective state of subjects but not drug-induced subjective effects determined drug preference. In all subjects, d-amphetamine produced comparable positive subjective effects compared to placebo. However, subjects that were more anxious and depressed prior to drug ingestion showed a marked preference for d-amphetamine and administered the drug at every opportunity compared to other subjects who did not always chose to administer the drug. Thus, subjective effects of the drug did not predict reinforcing effects.
To date, these individual differences have not been investigated in preclinical models of cocaine abuse, and all preclinical studies with cocaine have examined the S D and S R effects in separate groups of subjects. Therefore, the primary goal of the present study was to combine two established behavioral models of drug abuse-food-reinforced DD and intravenous drug SA-to create a unique operant paradigm examining the S D and S R effects of cocaine in the same subjects. Using a within-subjects design to examine DD and SA may provide added insight into the relationship between the production of interoceptive effects and the ability of cocaine to serve as a reinforcer that would otherwise not be apparent when examined in separate groups of subjects. Based on the above studies of human stimulant users (Fischman 1989; Johanson and Uhlenhuth 1980 , 1982 showing that S D and S R effects were not always aligned, it was hypothesized that there would be cocaine doses in which S D effects would not be predictive of S R effects. There were several novel features to the experiment. First, monkeys discriminated self-administered cocaine or saline. This was accomplished using a chained schedule in which fixed-ratio (FR) responding in the first link resulted in an intravenous injection of cocaine or saline, leading to stimulus changes within the chamber and initiation of foodreinforced discrimination in the second link. The reinforcing effects of that self-administered stimulus were assessed using a progressive-ratio (PR) schedule of reinforcement. There were several reasons for using a PR schedule in the second component of the multiple schedule. We have extensive experience using this schedule to examine the reinforcing strength of cocaine and other drugs of abuse (e.g., Lile et al. 2000 Lile et al. , 2003 Czoty et al. 2006) , so direct comparisons with published data are possible. In addition, it has been shown that changes in post-injection timeout did not affect measures of peak reinforcing strength, suggesting that the primary dependent variable is not influenced by pharmacokinetic factors (e.g., cumulative dosing; see Martelle et al. 2008 ), which will be important when comparing S D and S R effects.
Materials and methods
Subjects Four experimentally naïve, adult male rhesus monkeys (Macaca mulatta) served as subjects. Body weights were determined monthly, and each monkey was fed enough food (LabDiet Monkey Chow, and fresh fruit and vegetables), in addition to banana-flavored food pellets (Bio-Serv, Frenchtown, NJ, USA) earned during experimental sessions, to maintain weights at approximately 95% of free-feeding weight. Water was continuously available via drinking spouts installed in each cubicle. All experimental protocols and environmental enrichment were approved by the Institutional Animal Care and Use Committee. anesthesia. An incision was made near a major vein (e.g., femoral or jugular), and the catheter was inserted into the vein and advanced a distance calculated to terminate at the level of the vena cava. The distal end of the catheter was tunneled subcutaneously to a point on the back just lateral to midline at the level of the shoulder blades where an incision was made for the insertion of the vascular access port. The distal tip of the catheter was connected to the access port; the port was secured within the subcutaneous pocket that had been formed by blunt dissection, and the incisions were closed with sutures. Following closure, the area of skin above the vascular access port was cleaned with Betadine and 95% ethanol, and a 22-gauge Huber Point Needle (Model PG20-125, Access Technologies) was inserted into the port. The animal was returned to its home cubicle where the external catheter tubing was threaded through the spring arm to the outside of the chamber and connected to the infusion pump. To maintain patency of the port and catheter, the system was filled with heparinized saline (100 U/ml) at the end of each experimental session.
Experimental procedure
Lever training Initially, each monkey was trained to lever press under an FR 1 schedule of food presentation. One lever was active, and the white stimulus lights above that lever were illuminated. The sequence of lever activity (right, R; left, L) was quasi-random across days and occurred as follows: RRLLRLLRRL. Over approximately 2 weeks, the ratio value was increased to 50. Completion of an entire ratio on the active lever resulted in food presentation. During pellet delivery, the white stimulus lights extinguished and the red stimulus lights were illuminated for 2 s followed by a 10-s time-out (TO) in which responses emitted on the levers had no programmed consequence. Following the 10-s TO, the white stimulus lights illuminated, signifying the availability of another FR 50 and food presentation. These training sessions lasted for 60 min or until 30 food pellets had been earned. Once responding was reliably maintained by food presentation (±15% of the mean of three consecutive sessions with no trend), the monkey was prepared with catheter and port as described above.
Cocaine SA under a PR reinforcement schedule Monkeys were trained to discriminate self-administered cocaine from saline during morning sessions (0800); the cocaine or saline stimulus was delivered contingent on either right or left lever responding (randomly determined each day), and to selfadminister that substance (on the same lever) under a PR reinforcement schedule in evening sessions beginning at 1400 hours. The first injection was available under an FR 50 schedule; subsequent injections were available with increases in response requirement as determined by the exponential equation used by Richardson and Roberts (1996) : ratio= [5e
]-5. For these experimental sessions, the first ratio requirement corresponded with the 12th value given by this formula (i.e., 50 responses). Completion of a ratio resulted in activation of the infusion pump and drug delivery for 10 s. During the infusion, the stimulus lights changed from white to red. Following the infusion, there was a 15-min TO in order to minimize additive drug plasma concentrations. All stimulus lights extinguished for the duration of the TO, and responses had no programmed consequence. Once the TO expired, the white stimulus lights illuminated signaling the availability of another ratio and drug presentation. Sessions lasted until the animal failed to complete a ratio and receive an injection within 2-h (i.e., limited hold). The last ratio completed was defined as the breakpoint. Thirty minutes after the end of the session, the computer automatically triggered the infusion pump to deliver heparinzed saline for 30 s in order to flush the catheter of any residual drug. The sequence of cocaine (C) or saline (S) presentation matched the presentation during discrimination training. Monkeys had access to PR SA for 30 sessions during which baseline (saline and 0.15 mg/kg cocaine) breakpoints were established. To minimize cocaine exposure, the afternoon SA sessions were discontinued after determination of the baseline breakpoints.
Training self-administered cocaine as a discriminative stimulus Following catheter implantation, each monkey progressed to a morning DD training session beginning at 0800 hours. Prior to the start of the session, the infusion pump was activated for approximately 15 s to fill the port and catheter with saline or the dose of cocaine available for SA. During DD training, monkeys responded under a twolink chained schedule of reinforcement. In the first link of the chained schedule, only one lever was active, and the white stimulus lights above that lever were illuminated. Monkeys responded under an FR 50 schedule to administer a single injection of cocaine (0.15 mg/kg) or saline. During the 10-s infusion, the stimulus lights changed from white to red. Following the injection, there was a TO (15 min for R-1523 and R-1524; 20 min for R-1525 and R-1526, individually determined to optimize discrimination performance) prior to the start of the DD component. For the first 8 (R-1524) or 16 (R-1523, R-1525, R-1526) sessions, the presentation of C or S alternated every fourth day beginning with 4 days of cocaine presentation. Then, the sequence of C or S presentation was quasi-random across days and occurred as follows: SSCCSCCSSC. The active lever in this link also varied randomly and was not associated with cocaine-or saline-appropriate levers in DD. Following the TO, both levers were active, and the white stimulus lights above each lever illuminated signifying the beginning of the second link. In the second link of the chained schedule, monkeys discriminated the self-administered dose by responding under an FR schedule (FR 50 for R-1523, R-1524, and R-1525; FR 30 for R-1526) of food presentation. Prior to the beginning of this experimental series, lever assignments were designated for each animal. For two monkeys, the right lever represented saline-appropriate, and the left lever represented cocaine-appropriate responding, while the lever assignments were reversed for the other two monkeys. During this link, 30 or 50 consecutive responses on the injection-appropriate lever resulted in food presentation; incorrect lever responses reset the FR value on the correct lever. Delivery of the pellet was accompanied by stimulus light change from white to red and then a 10-s TO with all lights extinguished. After the 10-s TO, the white lights above both levers illuminated, signifying the availability of another FR and food presentation. Conversely, 30 or 50 consecutive responses emitted on the inappropriate lever resulted in the same stimulus light change and 10-s TO but no food presentation. This link lasted for 15 min or until the animal received 50 pellets. Consistent cocaine discrimination was not achieved within 200 sessions; therefore, in an effort to obtain greater stimulus control of responding, a third operandum was installed in the experimental chamber, and the training dose was increased (0.45 mg/kg for R-1523, R-1525, and R-1526; 0.56 mg/kg for R-1524). All drug self-administered during link 1 was now contingent upon finger-pokes emitted on a photooptic switch, signaled by illumination of an orange stimulus light directly above the switch, while food presentation during link 2 remained contingent upon lever pressing, signaled by illumination of white lights above each lever. Once discrimination responding was stable (≥80% of responses prior to the first reinforcer and ≥90% of the total responses on the injection-appropriate lever), test sessions occurred.
Cocaine discrimination testing Test sessions were identical to training sessions with the exception that completion of the ratio requirement on either lever was reinforced. During test sessions, varying doses of cocaine (saline, 0.015-0.56 mg/kg) were made available in the first link of the chained schedule, which served as the discriminative stimulus for the second link (DD). Presentation of drug doses during test sessions occurred in random order, and all drug doses were presented at least twice to each animal. Test sessions did not occur more than twice per week and not unless responding was deemed stable in four out of the five previous training sessions.
Combined DD and SA testing Once complete DD doseresponse curves were determined, monkeys were given access to the multiple two-link chained DD and PR SA schedule of reinforcement in the same session (Fig. 1) . Sessions began with illumination of the orange stimulus Fig. 1 Schematic of final parameters for multiple chained schedule of cocaine discrimination and self-administration. Link 1 consisted of an FR 50 schedule of self-administration that terminated in a single 10-s injection followed by a TO. The injection from Link 1 served as the discriminative stimulus for Link 2 which was a two-lever, foodreinforced drug discrimination task that lasted until 50 reinforcers were delivered or for 15 min and was followed by a 30-min TO. The second component of the multiple schedule consisted of self-administration under a PR schedule of reinforcement. Each injection was followed by a 15-min TO light above the finger-poke apparatus and a single injection of saline or cocaine was available under an FR 50 schedule of reinforcement. Following the injection, there was a 15-or 20-min TO (selected to optimize individual performance), and the second link began by illumination of the white lever lights above both levers. There was a 30-min TO following DD during which all stimulus lights were extinguished, and responses were recorded but had no consequence. Following the TO, the orange stimulus light above the finger-poke apparatus was illuminated signaling the availability of drug SA under a PR schedule as described above. When both DD and PR performance were stable (for PR, ±20% of the mean number of injections for the previous three similar drug conditions with no trend), varying doses of cocaine (saline, 0.015-0.56 mg/kg) were substituted for the saline or cocaine training dose according to the same rules governing determination of the DD doseresponse curve. Presentation of drug doses during test sessions occurred in random order, and all drug doses were presented at least twice to each animal.
Data analysis
Link 1: FR Self-Administration For all monkeys, the chained schedule began with an FR 50 schedule of cocaine or saline presentation. The primary dependent variable was response rate, calculated as 50 responses/time. For the training conditions (cocaine and saline), the last three sessions prior to the first test session were used as "baseline". Data are shown for each monkey as the mean (±SD) of the last three determinations of each training condition.
Link 2: Drug discrimination The primary dependent variables were the percent of responses that occurred on the cocaine-associated lever and the response rate (total number of responses/length of the response period). Dose-response curves determined for individual monkeys are represented as the mean (±SD) of all determinations for that animal. Drug doses that engendered at least 80% cocaine-appropriate responding were considered to have substituted for the discriminative stimulus effects of cocaine. For doses that reduced the rate of responding to levels where no reinforcers were obtained, the rate of responding was calculated and included; however, the percent cocaine-appropriate responding was not included in any analysis.
PR Self-administration The primary dependent variables were the number of injections received and the final ratio value (i.e., breakpoint) completed before expiration of the limited hold. Data are represented as the mean (±SD) number of injections and breakpoint for each monkey and as the mean (±SEM) number of injections for the group. Under PR acquisition conditions, cocaine and saline data were analyzed using one-way and two-way repeated measures analysis of variance (ANOVA) tests followed by post hoc analyses using Dunnett's and Bonferroni's multiple comparison tests to assess whether responding maintained by cocaine was significantly higher than responding maintained by saline. Acquisition data were also analyzed using paired t tests. Data from individual SA dose-response curve determinations were analyzed using one-way ANOVAs followed by Bonferroni's multiple comparison tests. All data were analyzed using Graphpad Prism (Graphpad Software, San Diego, CA, USA), and a 95% level of confidence (p<0.05) was considered statistically significant.
Drugs (−)Cocaine HCl (National Institute on Drug Abuse, Bethesda, MD) was dissolved in 0.9% saline and diluted to concentrations of 0.3-5.0 mg/ml. Cocaine was administered intravenously over 10-s at a rate of approximately 1.5 ml/10 s. Different doses of cocaine were studied by changing the concentration of drug available.
Results
Acquisition of PR cocaine SA Each day, monkeys had access to cocaine or saline twice, once in the morning where a single injection was available under an FR 50 schedule and the same dose (saline, 0.1 mg/kg cocaine) again in the afternoon under a PR schedule of reinforcement. Over the course of training, there were no differences in FR 50 response rates when saline or cocaine were available, with mean rates of responding of 1.56±0.47 and 2.12±1.06, respectively. The number of responses emitted and the number of injections obtained during the first 10 days of access to cocaine and 10 days of access to saline under the afternoon PR schedule of SA were analyzed as group data (Fig. 2a) . Separate one-way ANOVAs revealed a significant effect of PR session number (i.e., experience with the PR schedule) under both cocaine and saline availability (F 3,9 = 6.67, p<0.0001 and F 3,9 = 3.10, p= 0.011, respectively). A two-way ANOVA revealed significant main effects of experience and drug (i.e., cocaine or saline) as well as a significant interaction between the two (F 18,9 =5.72, p<0.0001). Post hoc analyses revealed that the cocaine and saline breakpoints significantly diverged by the third day of access to either condition (the seventh day of exposure to the PR schedule) and remained significantly different throughout the remaining 14 PR sessions analyzed. The mean (±SD) number of injections and breakpoint for each monkey for the last five PR sessions of both cocaine and saline presentation were compared to determine the stability of breakpoints under a quasi-random schedule of C vs. S presentation (Fig. 2b) . Paired t tests revealed that under these conditions the numbers of injections and breakpoints were significantly higher when cocaine was available compared to when saline was available. For each monkey under both the saline and cocaine condition, each of the breakpoints for the last five sessions was within 20% of the mean breakpoint for the previous three sessions of that condition. There were no differences in breakpoints observed under PR SA contingent upon lever presses vs. finger pokes.
Cocaine discrimination The number of training sessions necessary to obtain stable and reliable cocaine discrimination ranged from 221 to 334 (data not shown). The first 200-220 sessions of training involved using levers for both the first link (FR 50 saline or cocaine) and second link (food-reinforced discrimination training) at an intermediate cocaine dose (0.1 mg/kg). When the cocaine dose was raised and an additional manipulandum was added to the chamber such that cocaine or saline was contingent on finger pokes, while the operant for discrimination remained lever pressing, stable discrimination performance was established within 35-107 sessions. Contingent saline presentation occasioned 0% cocaine-appropriate responding, while the training dose of cocaine occasioned 100% cocaine-lever responding. Response rates in the discrimination link on saline sessions ranged from 1.0 to 2.67 vs. 0.50 to 1.67 responses/s when cocaine was self-administered in the first link ( Fig. 3; open squares) . In all monkeys, selfadministered cocaine (0.045-0.9 mg/kg) dose-dependently increased the percent cocaine-appropriate responding with full substitution observed with the training dose and higher cocaine doses (Fig. 3, filled squares) . As a group, response rates did not vary with cocaine dose except at the highest dose.
Combined cocaine discrimination and self-administration Cocaine (0.045-0.56 mg/kg) dose-dependently increased the number of injections self-administered under a PR schedule of reinforcement in all monkeys (Fig. 4, open squares) . Individual one-way ANOVAs for each monkey revealed that breakpoints were significantly higher when cocaine (0.045-0.56 mg/kg) was available for self-administration compared to when saline was available (F 3,4 =9.27, p=0.016; F 3,8 = 12.49, p=0.002; F 2,3 =43.68, p<0.001; F 2,3 =81.49, p= 0.002). There were no doses of cocaine that substituted for the training dose of cocaine during DD that did not also serve as a reinforcer during PR SA. In contrast, in each Fig. 2 Acquisition of cocaine self-administration under a progressive-ratio schedule of reinforcement. a Group (n=4) mean (±SEM) number of injections self-administered during the first 20 sessions under a PR schedule of reinforcement. b Individual mean (±SD) number of injections and breakpoints for the last 5 days of a 30-day access period to PR self-administration. Asterisks indicate significant (p<0.05) difference from saline. During acquisition, the cocaine dose was 0.1 mg/kg per injection monkey, there was at least one cocaine dose that failed to engender cocaine-appropriate responding during DD yet functioned as a reinforcer during SA (Fig. 4 , open and closed squares). There was a significant positive correlation between the percent cocaine-appropriate responding engendered by a dose of cocaine and the number of injections selfadministered under the PR schedule of reinforcement (r 2 = 0.59, p<0.01; Fig. 5 ). When saline was available for self- Fig. 4 The discriminative stimulus and reinforcing effects of selfadministered cocaine assessed under a multiple chained DD, PR SA schedule of reinforcement. The effect of various cocaine doses (abscissa; S, saline) on the percent cocaine-appropriate responding (closed squares, left ordinate) during cocaine discrimination and number of injections (open squares, right ordinate) self-administered under a PR schedule of reinforcement. Each point is the mean (±SD) of at lease two determinations in each monkey. Asterisks indicate significant (p<0.05) difference from saline. Pound sign indicates single determination. Arrows below the abscissa indicate the training dose of cocaine used in DD link of the chained schedule of reinforcement. For R-1524, the 0.15 mg/kg cocaine dose was studied under the PR schedule during training, but not after DD performance had been established. All other points reflect data from the combined schedule Fig. 3 Discrimination of selfadministered cocaine. The effect of varying doses of cocaine on cocaine discrimination (closed squares) and response rates (open squares). Each point is the mean (±SD) of at least two determinations in each monkey. Arrows below the abscissa indicate the training dose of cocaine administration following DD, monkeys frequently did not self-administer a single injection during the PR schedule (Table 1) . This is in contrast to lower doses of cocaine that engendered saline-like responding during DD but were selfadministered at levels significantly higher than saline.
Discussion
The present study had two main objectives. First, a cocaine vs. saline discrimination was established in monkeys under conditions in which the training stimuli were self-administered. We found that in all monkeys, self-administered cocaine could be reliably discriminated from self-administered saline. Second, cocaine dose-response curves were generated under both DD and SA, within-subject, to determine whether sensitivity and efficacy to both stimulus effects were similar. In all monkeys following at least one cocaine dose, there was a dissociation between the cocaine-like S D effects and the S R effects of cocaine, such that a cocaine dose that occasioned saline-appropriate responding in DD, functioned as a reinforcer under the PR reinforcement schedule. These findings extend work conducted in humans and provide a novel model on which to evaluate potential cocaine treatments.
The main goal of the present study was to establish a novel behavioral model of drug abuse that combined DD and SA for the analysis of cocaine stimulus effects using a within-subjects design. The paradigm used in this study was similar to that used by Ator (2002) to study the effects of self-administered midazolam in baboons, although different training sequences and SA schedules of reinforcement were used. This is the first demonstration in animals that self-administered cocaine could be trained as a discriminative stimulus. The number of sessions required to establish the discrimination was substantially longer than reported by us or others using noncontingent cocaine (e.g. Nader et al. 1997; Sinnott et al. 1999) , although the mechanism for such differences is not clear. One possibility involves the operandum used to deliver the training solutions. When SA and DD involved lever pressing, acquisition of the discrimination was slow. However, when we made the SA operandum distinct from the DD operandum, acquisition of cocaine discrimination appeared to be facilitated. Also of relevance for training in the present study was that the TO following cocaine selfadministration had to be lengthened from 10 min, a time previously used by our laboratory (e.g., Nader et al. 1997) to 15-20 min in order to achieve stimulus control of behavior. In addition, the training dose of IV cocaine required for rhesus monkeys was higher in the present study (0.45 or 0.56 mg/kg) compared to previous studies of noncontingent IV (0.1 mg/kg; Koetzner et al. 1996) and intramuscular (IM; 0.1-0.3 mg/kg; Nader et al. 1997; Sinnott et al. 1999; Martelle et al. 2007; 0.4 mg/kg; Lamas et al. 1995 Lamas et al. , 1996 Negus et al. 2007 ) cocaine discrimination. Furthermore, the discrimination dose-response curves generated in the present study were shifted to the right of dose-response curves from previous studies (e.g., Koetzner et al. 1996; Nader et al. 1997) , probably due to the higher training dose. Taken together, these results suggest that contingently administered cocaine can be trained as a S D , although that effect may be less salient than noncontingently administered cocaine. With regard to training PR SA in previously cocainenaïve monkeys, the cocaine SA dose-response curves generated in the present study were qualitatively (i.e., shape) and quantitatively (i.e., potency and efficacy) similar to those generated in previous studies from our laboratory using cocaine-experienced monkeys and in which each drug condition was available for multiple sessions until breakpoints were stable (e.g., Lile et al. 2002 Lile et al. , 2003 Czoty et al. 2006) . Most recently, we examined how TO duration would affect measures of reinforcement under a PR schedule identical to that used in this study (Martelle et al. 2008) . This is particularly relevant because it could be argued that drug accumulation under the PR will lead to a larger "stimulus effect" compared to the single injection that occurred prior to DD. We found that TO manipulations only affected the low doses of cocaine (0.015 and 0.045 mg/kg); the discrepancy between S D and S R was observed in the present study at a dose 1.0 log-units higher than cocaine doses affected by the TO. In addition, for most monkeys, when saline was the stimulus, they frequently self-administered less than five injections before the 2-h limited hold expired. Thus, it appears that the differences in S D and S R effects of cocaine are not due to drug accumulation under the SA schedule, although future studies using different reinforcement schedules are needed.
Lastly, but most importantly, the results from the combined DD and SA experiments emphasize the need for preclinical models that allow for the direct comparison of the S D and S R effects of drugs using a within-subjects design. Other studies in which nonhuman primates were trained to discriminate and self-administer either codeine (Hoffmeister 1988) or midazolam (Ator 2002 ) from drug vehicle have reported that these drugs were also more potent in the production of S R effects than in the production of S D effects necessary for DD. In each of these studies, there were examples of doses that did not engender drugappropriate responding during the DD task, yet functioned as a reinforcers during SA, which supports the conclusion that "the discriminative effect of a drug … is not isomorphic with its reinforcing effectiveness" (Ator 2002 p. 477) . Currently, preclinical studies of cocaine abuse use separate groups of animals to examine DD and SA despite the fact that human studies indicate baseline individual characteristics as a significant determinant of the subjective effects of drugs and that positive subjective effects are not tantamount with reinforcing effects (Evans and Griffiths 1992; de Wit et al. 1986a, b; Fischman 1989; Johanson and Uhlenhuth 1980 , 1982 . When evaluating potential pharmacotherapies, the possibility arises that important baseline individual variability may translate to differential response to therapy, which in turn, could inadequately be interpreted as equivocal therapeutic efficacy under a group design study. Moreover, drug treatments may differentially block one stimulus effect over another, and it may be shown, for example, that the best pharmacotherapy blocks the S R effects of cocaine, but not the S D effects. In both situations, the ability to assess a pharmacotherapeutic intervention under a within-subject design would be helpful.
In summary, DD and SA serve two important functions in searching for adequate pharmacotherapies to combat cocaine dependence. First, by attempting to attenuate the S D effects via agonist or antagonist treatment, DD paradigms offer excellent platforms for uncovering the CNS mechanism of drug action (Holtzman and Locke 1988) . Second, by establishing that a treatment drug is able to decrease or attenuate cocaine self-administration, these paradigms are useful for evaluating potential pharmacotherapies . Of course, there are caveats and potential limits to each approach, which are also evident in the present paradigm. For example, the impact of the cocaine training dose in drug discrimination can influence the sensitivity of drugs to substitute for cocaine (e.g., Terry et al. 1994 and Witkin et al., 1991) , as is true with most drugs (e.g., Mumford and Holtzman 1991; Young et al. 1992) . It is important to note that the training dose was the lowest dose that resulted in reliable discrimination under these conditions. A second potential limitation is the schedule of reinforcement used in the SA component. As mentioned above, it remains to be determined whether the dissociation observed between DD and SA was due to different stimulus effects or to the schedule of reinforcement used in the self-administration paradigm. Nonetheless, the novel model described in the present study provides an opportunity to directly compare the effects of potential treatments on the S D and S R effects of cocaine in the same subject during a single session; such a paradigm may be useful in the pursuit of effective pharmacotherapies.
